ABSTRACT
skin thickness, skin graft donor site problems, and possible complications that may be observed in the grafted area in the long-term as a result of unwanted adherences and the need for a secondary operation to fix these problems. [1] [2] [3] [4] The impossibility of primary closure in the early period following fasciotomy due to edema or wound tightness and possible long-term complications of skin grafting have led investigators to search for new methods with better outcomes both cosmetically and functionally.
There are various techniques in the literature describing the gradual primary closure of fasciotomy wounds by utilizing the elastic properties of the skin. In almost all of these techniques, with the regression of the edema after compartment syndrome, the margins of the wound are brought closer together gradually via a special device until the wound is completely closed. Some of the described methods are technically easy, whereas others are expensive and require special equipment.
In this study, we present a five-case pilot study demonstrating the feasibility of the V-Loc wound closure device (Covidien, Mansfield, MA), which is a barbed suture used routinely for
INTRODUCTION
Various reconstructive strategies may be performed for the closure of fasciotomy wounds that are secondary to compartment syndrome. Of these, closure via skin grafts and delayed gradual primary closure are the most commonly employed methods. In the early period, fasciotomy wounds can be closed easily with partial or full-thickness skin grafts. With this method, the risk of wound infection is avoided; however, the long-term outcome may carry some disadvantages. These disadvantages include both cosmetic and functional problems, such as sensory loss in the grafted area, decreased surgical closures, as a gradual delayed closure technique for fasciotomy wounds.
MATERIALS AND METHODS
The V-Loc wound closure device was used as the barbed suture in this study. This device includes a combination of loop, unidirectional barbed suture and a needle, and is used for the closure of surgical incisions. This product has been designed in order to provide rapid closure and to shorten the operation time by eliminating the need for knot tying during tissue closure through its barbed design. Furthermore, it eliminates the need to knot for anchoring due to the loop design on the back end of the suture. In this study, two absorbable transparent 3/0 V-Locs with cutting needles were used in each patient (Fig. 1) .
Between December 2011 and May 2013, the V-Loc wound closure device was used in five different fasciotomy wounds, of varying size, occurring after compartment syndrome due to different causes. Demographic characteristics of the patients such as age, gender, affected extremity, and compartment syndrome etiology are shown in Table 1 . Placement of the barbed sutures was performed immediately after the fasciotomy in three cases and during the clinical follow-up in two cases. The placement of the device was performed under general anesthesia in all cases.
The first step of placement was the fixation of the barbed suture to the corner of the fasciotomy wound (anchoring). The needle of the suture was first passed through the dermis, and then through the loop at the back of the suture, and the fixation was completed. Subsequently, the suture was advanced along the opposing wound edges in a horizontal mattress fashion (Fig. 2) . Again, all needles were passed through the dermis layer. Special attention was taken in the anchoring phase to ensure that healthy parts of the dermal sites were sutured. Passage of the suture through a subcutaneous plane rather than the dermis can lead to the rupture of these tissues by the suture since it is softer than the dermis. The suture was advanced, and the needle was finally inserted into the dermis and extracted from the skin. The needle was then passed through the rubber part of the injector piston. This maneuver was done to prevent the barbed part of the suture from catching on the rubber part and pulling back. After placement of the V-Loc on the edges of the wound, it was left loose, and an antibacterial closing dressing was applied to the fasciotomy wound. A bedside tightening procedure of the suture was performed at 48-72-hour intervals for as far as the edema would allow. In order to minimize the pain during this tightening procedure, intramuscular analgesia was achieved by administering Pethidine (Aldolan, Liba, Istanbul, Turkey) to all the cases one-half hour before the tightening. The tightening procedure was continued until the edges met, and when a (a) (b) (c) total closure was achieved, skin staples were placed on the scar line to support the barbed sutures. Any excess barbed suture protruding from the skin was cut, and the remainder was left in since it was absorbable.
RESULTS
In one case, skin necrosis measuring 3x2 cm was observed in the distal part of the fasciotomy line. The necrosis was removed following total closure and left for secondary healing (Fig. 3a) . Complication-free total closure was obtained in all the remaining cases (Figs. 3b, c) . Table 2 shows the wound sizes and locations, primary width of the wound to be closed, number of barbed sutures used, total duration required for closure in the V-Loc-applied wounds, and duration of hospital stay for each patient.
The mean duration between the day of suturing on the fasciotomy line and the day of complete primary closure was 8.6 days (8-14 days). The duration of hospital stay, on the other hand, differed according to the presence of additional trauma (7-82 days). The mean duration of perioperative VLoc placement into the fasciotomy wound was approximately 3 minutes. The duration for bringing the wound edges closer in each session was approximately 2 minutes for each patient.
No suture-related complication was observed in any of the patients (e.g., suture rupture, suture lock-up, or rupture of tissues by the suture).
DISCUSSION
Barbed suture V-Loc provided complete primary wound closure in the targeted regions of all patients. Only in Case 1, who had fasciotomies in both upper and one lower extremity due to high-voltage electrical burn injury (Fig. 3) , in whom barbed sutures were placed only on the upper right extremity, necrosis was observed in the distal part of the fasciotomy wound following complete closure. Debridement and dressings were performed on the necrotic area, and the wound healed secondarily within 22 days. The long hospitalization of this patient was due to the time needed for the reconstruction of the fasciotomy wounds and burn defects occurring in the remaining extremities. The duration of hospitalization for Case 3 was also long due to additional trauma (femur fracture).
There are various studies in the literature describing the gradual primary closure of fasciotomy wounds. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Some of them included methods that were produced as a result of revising the equipment used in routine surgical practice, while others included techniques using specifically designed devices for dermotraction. The described methods were reported to yield successful outcomes.
With regards to the duration of gradual primary closure of fasciotomy wounds, our results were found to be similar to those of other studies. [1] [2] [3] [4] In the series by Taylor et al., Zorrilla et al., Medina et al., and Govaert et al., mean delayed closure time was reported as 6.3 -9.8 days. In our study, the mean duration of closure was found to be 8.6 days.
Our technique was most similar to the 'approximation with a prepositioned suture' technique previously described in the literature. [5, 11] In that technique, the monofilament sutures are placed on the edges of the wound, and tightening is performed at intervals in order to bring the edges of the wound together. The technical difference from our technique was that following each tightening procedure, the suture was knotted in order to prevent its pulling back. Rupture or lockups of the sutures may be observed during tightening. [4] The presence of this possibility necessitates increased effort and time for each procedure. During the bringing together of the tissues by barbed sutures, the barbs are caught by tissues, thus preventing the sutures from pulling back. This non-pulling back property eliminates the need for fixation of the suture by knot-tying; therefore, the tightening procedures can be performed faster. A shorter tightening period will be less painful for the patient. There is no need for the suture to be removed after complete closure since it is absorbable, which is another advantage.
In Turkey, the cost of fasciotomy wound closure by STSG (split-thickness skin grafting) surgery is approximately 800 dollars. The cost of gradual wound closure by V-Loc, on the other hand, is approximately 80 dollars for each suture, and depends on the number of sutures used. Assuming that two sutures are used for a patient, gradual primary closure with barbed suture seems more economical than STSG. However, further comparative cost-effective studies with larger sample sizes should be carried out.
In conclusion, the gradual fasciotomy closure technique with barbed suture seems to be an easy, rapid and effective method. It may be applied to fasciotomy defects observed following compartment syndrome due to different causes. However, more attention should be paid in cases with dermal tissue damage, such as that due to burn injuries. Although our results demonstrate that this technique is reliable, further controlled studies are needed in order to demonstrate its efficacy.
